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階 RMAを適用し、濃厚高分子ブラシへ本格的な多段階 RMAを適用した。 
別表６ 
（３）                                    Keio University 
 
Thesis Abstract 
 No.      
Registration 
Number 
□ “KOU”   □ “OTSU” 
No.        *Office use only 
Name Satoshi Natori 
Thesis Title 
Study of [n]Polycatenane and Dense Polymer Brushes by Coarse-Grained Molecular Dynamics 




     In this thesis, the dynamics of a single chain in complex polymer systems is studied by molecular 
dynamics simulation and relaxation mode analysis. Thermal equilibrium, good solvent condition, and 
free-draining limit are assumed in the simulations. 
     The first part of this thesis deals with [n]polycatenane, a chain-like polymer, which consists of n 
looped molecules interlocked with each other. Such interaction is called “mechanical link,” which draws 
interests of researchers in terms of artificial molecular machines. Here, n=32 rings, each of which 
consists of 10 monomers, are considered to treat many mechanical links. The dynamics of the polymers 
is studied by relaxation mode analysis (RMA). RMA is based on the assumption that the time correlation 
function of any pair of physical quantities can be decomposed into exponentially decaying terms, and 
RMA expands physical quantities in terms of estimated relaxation modes. The physical quantities of the 
[n]polycatenane are the Cartesian coordinates of the centers of mass of rings. The results of the RMA is 
compared with those of linearization approximation, which is valid for simple linear polymers. The 
relaxation time in RMA is larger than those in the approximation. This indicates that the mechanical links 
would make the dynamics of polymers slower than the conventional bonds do. 
     The second part of this thesis deals with linear and ring polymers densely grafted on a substrate, 
polymer brushes. Polymers are strongly stretched in the brushes, and their anomalous conformations 
are investigated extensively. Grafting density is fixed, and length of polymers is varied between 50 and 
200 for linear brushes (for ring brushes, the grafting density is halved and the chain length is doubled). 
To investigate whole chain motions, the radius vectors and the height vectors of all monomers of each 
chain are taken as physical quantities in the RMA. The exponent of the scaling relation between the 
longest relaxation times estimated by the RMA and the chain length is 5.9, much larger than the 
theoretical prediction, 3, and previous simulation results, 3.7. Meanwhile, the scaling relation for ring 
brushes is consistent with the previous simulation work. The discrepancies can be attributed to a slow 
motion of the part of each polymer near the substrate, which are not referred in the previous works. 
     In this study, the RMA is extended to allow multi-step analysis, where relaxation modes 
estimated from the short-time behavior of time correlation functions of the physical quantities in the 
previous step are redefined as physical quantities in the following step. A preliminary two-step RMA is 
applied to the [n]polycatenane, and a full multi-step RMA is applied to the dense polymer brushes. 
 
